The purpose of this study was to test feasibility of the Telehealth Community Health Assistance Team (T-CHAT), a nurse-led intervention delivered through a telepresence robot designed to promote healthy independent living among older adults. Using a quasi-experimental design, 21 older adults were divided into a T-CHAT group (n = 11) or a waitlist control group (n = 10). The T-CHAT group received 3 weekly health coaching sessions from a nurse practitioner student through the telepresence robot. Data trends were analyzed using two-way repeated measures analysis of covariance (ANCOVA) with baseline values as co-variates; effect sizes using partial eta squared (η 2 ). Medium to large improvements in unhealthy days, depressive symptoms, sleep, quality of life, and confidence/self-efficacy were found favoring the T-CHAT group. Recruitment and retention strategies were successful, with lessons learned for future studies. Further research is warranted to refine and test efficacy of the T-CHAT program to promote healthy independent living among older adults.
Introduction
In the United States, the aging population is expected to double between 2010 and 2050, with two out of three older adults contending with multiple chronic conditions. [1] [2] [3] The promotion and maintenance of regular health practices and chronic illness selfmanagement are key to healthy independent living among older adults. Chronic disease self-management programs, such as Lorig's Chronic Disease Self-Management Program, have been shown to improve self-efficacy for managing chronic disease, symptoms, depression, aerobic exercise, and self-rated health, with many of these improvements sustained over 12 months. 4 Currently, dissemination of these programs requires either small group visits 4, 5 or online strategies. 6 The small group program requires living near the delivery site, whereas the internet program requires literacy, as well as a computer and internet connection. 7 In a national sample of 255 individuals with varying chronic conditions, Lorig and colleagues 7 recently found that a mailed toolkit improved communication with physicians and medication adherence, and resulted in fewer depressive symptoms, unhealthy days, and physician visits over a period of six months. However, many older adults prefer one to one interactions with healthcare providers, and a mailed toolkit alone may not be sufficient for some older adults who struggle with ongoing chronic illness self-management. As the projected number of older adults increase, 1-3 contact with healthcare providers will become less accessible. 8 Innovative and cost-effective modes of delivery are needed to deliver sustainable self-management programs to older adults.
Robotics is one area that shows promise for the future of elder care, particularly the use of telepresence robots. 9 Telepresence robots provide two-way communication between an older adult and another user (e.g., healthcare provider), who can control and navigate the robot from a remote location. 9 The telepresence robot used in this study (VGo Communications, Inc.) has a camera and a small screen on a remote controlled base that can be maneuvered to enter the homes of older adults. The screen shows the clinician's face, which is an advantage over traditional telephone interventions. The camera allows the clinician to see the older adult and their surroundings in their home environment. After the visit, the clinician remotely drives the robot back to a docking station for charging. Telepresence visits through the robot take place through a secure connection that is HIPAA compliant. It is possible to deploy telepresence robots in multiple retirement apartment complexes where one can interact with older adults across a wide geographical area from a single location. A major advantage of the telepresence robot over existing technologies (e.g., iPADs, computers), is that the older adult does not need to learn how to use the technology. The older adult simply opens his or her door at the appointed time, and the healthcare provider drives the telepresence robot into his or her apartment for health coaching. The purpose of this study was to test the feasibility of a new program entitled Telehealth Community Health Assistance Team (T-CHAT), a nurse-led intervention delivered through a telepresence robot designed to promote chronic disease self-management and healthy independent living among older adults.
Materials and methods

Design
Feasibility testing of the T-CHAT program was carried out using a quasi-experimental design, with the primary focus being on tracking recruitment, retention, treatment fidelity, and initial data trends with estimated effect sizes. The T-CHAT program was based upon Lorig's evidence-based Living a Healthy Life with Chronic Conditions Toolkit. 10 Outcomes included unhealthy days, depressive symptoms, other symptoms (fatigue, pain, shortness of breath, stress, sleep), quality of life, confidence/self-efficacy, and aerobic activity. The study was conducted in two phases. The first phase was designed to identify any potential refinements to the protocol before continuing with phase two that involved random assignment of older adults to either a T-CHAT group or to a waitlist control group. In Phase one, five older adults participated in an initial face-to-face baseline interview, received a hearing assessment, and were visited by a nurse practitioner student who conducted a history and physical assessment, and gave each older adult a copy of Lorig's Living a Healthy Life with Chronic Conditions Toolkit 10 (week 1). Each older adult then received three weekly T-CHAT visits (weeks 2, 3, 4) from the nurse practitioner student through the telepresence robot. Follow-up data collection occurred after completion of the third T-CHAT visit at week 5, and again at week 9 (a month later). No refinements to the protocol were necessary after Phase one.
In Phase two, 22 older adults received a face-to-face baseline interview, received a hearing assessment, and were visited by a nurse practitioner student who conducted a history and physical assessment, and gave the older adult a copy of Lorig's Living a Healthy Life with Chronic Conditions Toolkit. 10 The 22 older adults were then randomly assigned to either the T-CHAT group (n = 12) or to a waitlist control group (n = 10). Randomization was conducted using a table of random numbers with a 1:1 block randomization approach to ensure relatively equal group sizes. Only the T-CHAT group received the three weekly T-CHAT visits (weeks 2, 3, 4) from the nurse practitioner student through the telepresence robot. Both the T-CHAT group and the waitlist control group received follow-up data collection from a blinded data collector at weeks 5 and 9. Following the data collection interview at week 9, the waitlist control group received the three weekly T-CHAT visits from the nurse practitioner student through the telepresence robot (weeks 10, 11, 12) . Both groups then received an additional follow-up data collection interview at week 13 (after the waitlist control received the third T-CHAT session), and again at 17 weeks (a month later).
Participants
Following institutional review board approval, independent living apartment residents were recruited from a large Midwest multitier retirement community. Special "meet the robot" sessions were held to introduce the robot concept. Flyers were distributed during social events and placed in the mailboxes of each resident. Interested residents completed a contact card, or called the research program manager for information. The program manager screened the older adults for eligibility. Inclusion criteria included: older adults ages 60 and older, living in an independent living apartment within a large Midwest multi-tier retirement community, ability to hear, speak, and read in the English language, ability to pass a hearing screening, ability to pass a 6-item cognitive screener 11 with a score of 4/6, and willingness to take part in the study. To pass the hearing screening, participants had to correctly repeat 25 of 30 key words within six sentences from a standard speech audiometric assessment tool through the telepresence robot. Older adults were excluded if: they had an end of life condition with decreased life expectancy, were receiving hospice care, had a history of hospitalization for alcohol or drug abuse or severe mental illness, or had a history of Alzheimer's disease or dementia. Those enrolled provided informed consent prior to study participation.
Study instruments
The primary outcome of the study was unhealthy days, a sum of two items asking older adults the number of days in the past 30 days that their physical and mental health had not been good, with a cap of 30 days. 12 Unhealthy days has strong evidence of construct, concurrent, and predictive validity, as well as reliability and responsiveness, and has been used to track population health status across the United States as part of the Behavioral Risk Factor Surveillance System. 12 Depressive symptoms were measured using the Patient Health Questionnaire Depressive Symptom Scale (PHQ-8), 13, 14 a widely used measure in clinical and research settings, with evidence of internal consistency reliability found in primary care settings 13 and in the general population. 14 Other symptoms (fatigue, pain, shortness of breath, stress, sleep), quality of life, confidence/self-efficacy, and aerobic activity were measured using items from the Stanford Patient Education Research Center Chronic Disease Self-Management Program Questionnaire Code Book, 15 Sample Questionnaire, 16 and National Chronic Disease Self-Management Program Questionnaire, 17 all of which have good psychometric properties. [15] [16] [17] Symptoms and quality of life were measured using a response scale ranging from 0 to 10, with higher scores indicating higher severity of symptoms, or higher quality of life. [15] [16] [17] Confidence/self-efficacy for managing chronic disease was measured by a mean of 6 items rated on a response scale ranging from not at all confident = 1 to totally confident = 10. 15 Aerobic activity was measured by calculating the number of minutes based on participant responses to 5 items that addressed walking, swimming or aquatic exercise, bicycling (including stationary exercise bikes), using other aerobic exercise equipment (stairmaster, rowing, skiing machine, etc.), or other aerobic exercise. 15 Other measures included using a demographic form, along with the Chronic Conditions Index, 18 and a 6-item cognitive screener, 11 both of which have acceptable psychometric properties.
11,18
T-CHAT procedures A health coaching protocol was developed using Lorig's evidencebased Living a Healthy Life with Chronic Conditions Toolkit 10 as a guide. During a face-to-face history and physical visit, each participant was given Lorig's Living a Healthy Life with Chronic Conditions Toolkit, 10 consisting of a textbook, tip sheets, and two CD-ROMs containing relaxation and physical activity exercises. The older adults were encouraged to use the toolkit to address their own chronic illness self-management needs, and to use the toolkit as a resource during the T-CHAT sessions with the nurse practitioner students. Following the history and physical visit, three weekly T-CHAT sessions were conducted using the telepresence robot. During these sessions, the older adults were trained by nurse practitioner students to set goals and create action plans to manage their chronic conditions using the toolkit to improve their health. Results from the history and physical visit were reviewed, and follow-up referrals were made to healthcare providers as appropriate. The history and physical visit lasted approximately one hour, whereas the three T-CHAT visits using the telepresence robot averaged about 30 minutes each.
Treatment fidelity and training
All five areas of treatment fidelity were addressed as delineated by Bellg and colleagues (design, training, delivery, receipt, and enactment). 19 The design of the T-CHAT program and selection of data collection measures was guided by intervention materials and measures from the Chronic Disease Self-Management Program. 4, 7, 10, [15] [16] [17] There were a total of seven nurse practitioner students who implemented the T-CHAT program. For most of the students, this experience was part of their preceptorship where they were supervised by their faculty member or a physician, as well as by the principal investigators. While the T-CHAT sessions required the skills of a registered nurse, data collectors involved students at the undergraduate level. Training included the use of a detailed training manual, didactic instruction, role-playing, and retraining using structured protocols. Adherence to protocol was ensured through a quality checklist and weekly research team meetings with the principal investigators. A Treatment Fidelity Checklist 20 was used to monitor fidelity of data collection and intervention procedures. 21 Delivery was monitored by tracking the number of minutes spent during the data collection and T-CHAT sessions. Receipt and enactment were monitored by asking older adults what components they used from the Living a Health Life with Chronic Conditions Toolkit, 10 and how well they were able to meet their goals during each T-CHAT session.
Statistical analyses
Recruitment and retention were tracked using a participant flow diagram (Fig. 1) . Descriptive statistics were used to describe the sample and outcomes. Two-way repeated measures analysis of covariance (ANCOVA) using baseline values as co-variates and partial eta squared (η 2 ) were used to explore data trends and effect sizes. Because this is a small pilot, we were not powered to determine significance in this study. Fig. 1 shows the participant flow diagram for the study. Out of a total of 36 older adults screened, 27 were eligible and enrolled in the study. All passed the cognitive impairment screener, 11 and only one had inadequate hearing. Once his hearing aid was adjusted, and he passed an additional hearing screening, he was enrolled. Of the 27 who were eligible, the first 5 completed Phase one of the study testing initial feasibility of the T-CHAT intervention. In Phase two, the remaining 22 participants were randomized to the T-CHAT intervention (n = 12) or to a waitlist control group (n = 10). In the T-CHAT intervention group, one participant chose to withdraw after the first T-CHAT session due to lack of time; therefore, there were 21 older adults available for analyses (n = 11 T-CHAT intervention; n = 10 waitlist control).
Results
As shown in Table 1 , the 5 older adults in Phase one averaged 87 years of age, with 3 being male, 2 female, 3 married, and 2 widowed. On average, the 5 older adults were well educated (average 17 years of education), with 3 out of the 5 having comfortable incomes. The 5 older adults had an average of 4.6 chronic conditions, with the most common being arthritis, cancer, or a heart condition. Table 1 also displays demographic characteristics of the participants in Phase two (n = 21). Older adults ranged in ages between 77 and 95 years, with an average of 84 years. All participants were non-Hispanic and Caucasian, with a majority being female (71%) and retired (96%). On average, participants were well educated (average 16 years) and perceived their incomes to be comfortable (81%). Older adults were married (43%) or widowed (52%), with only 1 participant being single. Aside from some degree of hearing loss, older adults had an average of 4 chronic conditions, with arthritis (76%), cancer (62%), high blood pressure (52%), heart condition (24%), and thyroid problems (33%) being the most common. Groups were similar in baseline sample characteristics, except for perceived income; 4 participants having "just enough to make ends meet" were randomized to the intervention group (Table 1) .
The results from the 5 older adults in Phase one were impressive. On average, unhealthy days dropped from 11.2 unhealthy days at baseline to 2.0 unhealthy days after completion of the T-CHAT intervention (week 5). Depressive symptoms measured by the PHQ-8 averaged 11.8 at baseline, and decreased to 11.0 at week 5. Quality of life improved from 8.0 at baseline to 8.6 at week 5. Confidence/ self-efficacy also improved with average scores of 8.1 at baseline and 8.4 at week 5. Aerobic activity increased from an average of 123 minutes at baseline to 135 minutes at week 5. All 5 older adults were highly complementary of the program. These findings were encouraging with trends in expected directions; therefore, no changes were made in the intervention protocol prior Phase two. Table 2 shows group differences in Phase two using ANCOVA with baseline values as covariates for each time point (weeks 5, 9, 13, and 17). Partial eta squared (η 2 ) was used to estimate effect sizes 
Table 2
Group differences using ANCOVA with baseline values as a covariate for each time point (N = 21; intervention n = 11, control n = 10). a Week 5 is after the intervention group received the T-CHAT intervention; Week 9 is one month after the T-CHAT intervention; Week 13 is after the control group received the T-CHAT intervention; Week 17 is one month after waitlist control received T-CHAT intervention.
b One in the control group hospitalized and lost to follow-up at Weeks 13 and 17 (intervention n = 11; control n = 9). c Partial η 2 was used to estimate effect sizes using SPSS for ANCOVA (small, <=.089; medium, .090-.249; large, >=.250). d Unhealthy days for those scored >0 unhealthy days at baseline (intervention n = 5; control n = 7). e Two in the control group missing baseline data (intervention n = 11; control n = 8).
f One in intervention group missing baseline confidence data (intervention n = 10; control n = 10). * p < .05.
(small, <=.089; medium, .090-.249; large, >=.250) ( Table 2) . Adjusted means were used to explore data trends (Table 3 ; Fig. 2) . A medium effect size was found for unhealthy days (η 2 = .12), with the T-CHAT group showing a greater decline in unhealthy days from baseline to week 5 than the waitlist control group. The effect size increased (η 2 = .13) when excluding participants from both groups that had 0 unhealthy days at baseline. In fact, in this subgroup, there were large effect sizes favoring the T-CHAT group from baseline to week 13 (η 2 = .38) and week 17 (η 2 = .25). In this subgroup, those in the T-CHAT group reduced their unhealthy days from 8.0 at baseline to 1.3 at week 5, 1.0 at week 9, .3 at week 13, and .5 at week 17 (Table 3 , Fig. 2 ). Much smaller effect sizes (η 2 = .01; η 2 = .03 subgroup) were noted at week 9.
Medium effect sizes for depressive symptoms favoring the T-CHAT group were noted from baseline to weeks 9, 13, and 17 (η 2 = .10 − .18) ( Table 2 ). Depressive symptoms measured by the PHQ-8 dropped from a score of 10.5 at baseline to 9.8 at week 9, 9.4 at week 13, and 9.6 at week 17 in the T-CHAT group; however, depressive symptoms increased in the waitlist control group from 10.1 at baseline to 11.3 at week 9, 10.5 at week 13, and 10.6 at week 17 (Table 3 , Fig. 2) . Scores above 10.0 on the PHQ-9 indicate moderate depressive symptoms. 14, 15 Those with moderate depressive symptoms (PHQ-8 ≥ 10) were referred to their healthcare provider. No one triggered the suicide protocol.
Interestingly, medium to large effect sizes showed a reduction in sleep symptoms from baseline to weeks 5, 9, 13, and 17 for the T-CHAT group relative to the waitlist control group (η 2 = .10 to .27). Sleep symptoms decreased from 2.6 at baseline to 1.0 at week 17 in the T-CHAT group, and increased from 3.0 to 3.8 at week 9 in the waitlist control group, although once the waitlist control group received the T-CHAT intervention after week 9, sleep symptoms declined at weeks 13 (3.5) and 17 (3.2) . Effect sizes were small or absent for other symptoms (i.e., fatigue, pain, shortness of breath, stress) from baseline to weeks 5, 9, 13, and 17 (η 2 = .00 to .08). Quality of life ratings showed a medium effect size favoring the T-CHAT group, compared with the waitlist control group, from baseline to week 5 (η 2 = .11); however, only small effect sizes were found from baseline to weeks 9, 13, and 17. In the T-CHAT group, quality of life ratings reverted back to baseline at week 9 (a month after the intervention). In the waitlist control group, quality of life improved from week 9 to week 13 after this group received the T-CHAT intervention (Table 3 , Fig. 2) .
Confidence or self-efficacy for managing one's health displayed a medium effect size from baseline to week 5 (η 2 = .17) that increased to a large effect size at week 17 (η 2 = .27) favoring the T-CHAT group (Table 2) . Data trends showed that the T-CHAT group improved their confidence and self-efficacy for managing chronic conditions from baseline (average score 8.2) to week 5 (average score 9.3), whereas the waitlist control group declined slightly (Table 3 , Fig. 2 ). Note that in the T-CHAT group, confidence/self-efficacy began to decline a month after the T-CHAT intervention (week 9) suggesting the need for a booster session. In the waitlist control group, confidence/self-efficacy began to improve between week 9 and week 13 when this group received the T-CHAT intervention.
Lastly, there was a moderate effect size at week 5 (η 2 = .14)for aerobic activity (Table 2) ; however, the trends in this outcome were opposite from what was expected. Aerobic activity in the T-CHAT group declined from 164 minutes at baseline to 146 minutes at week 5, whereas there was an increase in aerobic activity in the waitlist control group from baseline (159 minutes) to week 5 (208 minutes) ( Table 3 , Fig. 2 ). This trend then decreased for the waitlist control group from week 5 to week 9 with diminished effect sizes at weeks 13 and 17 (Tables 2 and 3, Fig. 2 ).
Discussion
In summary, our results showed that the T-CHAT group, in comparison with the waitlist control group, showed medium to large improvements in unhealthy days, depressive symptoms, sleep, quality of life, and confidence or self-efficacy in managing chronic conditions. These results are consistent with findings from a larger study showing a reduction in unhealthy days (physical and mental health) six months after receiving Lorig's mailed toolkit. 7 The results from this pilot study are clinically significant, especially in the T-CHAT subgroup who had one or more unhealthy days at baseline; their unhealthy days dropped from an average of 8.0 at baseline to 1.3 Table 3 Adjusted means for each group, controlling for baseline values as covariates for Weeks 5 and 9 (N = 21; intervention n = 11, control n = 10) and Weeks 13 and 17 (N = 20; intervention n = 11, control n = 9).
Group
Baseline at week 5. The sharp reduction in unhealthy days suggests that three T-CHAT sessions delivered through a telepresence robot, focused on goal setting and creating an action plan, made an impact on older adults' perceptions of their own health. Another encouraging trend is the moderate improvement in depressive symptoms favoring the T-CHAT group compared with the waitlist control group at weeks 9, 13, and 17. These results are consistent with improvement in depressive symptoms in several studies involving the Chronic Disease Self-Management Program. 4, 7 Interestingly, the T-CHAT intervention group experienced on average fewer sleep symptoms relative to the waitlist control from baseline to weeks 5, 9, 13, and 17 with medium to large effect sizes. On the other hand, consistent with several other chronic disease selfmanagement studies, 4 there was little to no effect noted for the T-CHAT group compared with the waitlist control group with respect to other symptoms (i.e., fatigue, pain, shortness of breath, stress). These symptoms are commonly associated with co-morbid conditions that were common in this group of older adults (e.g., arthritis, cancer, heart condition, chronic lung disease). The focus of the T-CHAT intervention was primarily on self-management and maintaining a healthy lifestyle, not so much on common symptoms that may not be amenable to this type of intervention. Future symptom management strategies are needed within the T-CHAT sessions to help older adults manage these troubling symptoms.
Consistent with similar studies, 4 moderate improvements in perceived quality of life and perceived confidence/self-efficacy for managing chronic illness were found for the T-CHAT intervention compared with the waitlist control group. Perceived confidence/ self-efficacy improved from baseline to week 5, then began to trend downward at week 9 ( Fig. 2) , suggesting the need for a booster session.
The trend in the number of minutes of aerobic activity was opposite than what was anticipated. The number of minutes of aerobic activity in the T-CHAT group declined from 164 minutes at baseline to 146 at week 5, and 117 at week 9. The number of minutes of aerobic activity sharply increased in the waitlist control group from 159 minutes at baseline to 208 minutes at week 5, then fell to 127 at week 9. One possible explanation is that there were some participants in the waitlist control group who were motivated to exercise before receiving the T-CHAT sessions. They had received the history and physical and Lorig's toolkit 10 at baseline, and may have decided to start exercising based on this information alone. The retirement community has regular exercise programs offered to residents throughout the year, as well as a gymnasium, spa, and swimming pool. This study being a pilot with a small sample, these outliers likely influenced the findings, as well as treatment diffusion in the waitlist control group; all received a history and physical and Lorig's toolkit 10 at baseline. The decline in aerobic activity in the T-CHAT group may have resulted from goal setting and action plans targeting self-management in areas other than increasing physical activity, such as stress reduction, medication management, and diet. Furthermore, the most common co-morbid condition in this sample was arthritis (76%), making aerobic activity challenging for a number of participants. The number of minutes of aerobic activity showed very small improvements in similar studies. 4, 7 It is worth noting that both the T-CHAT group and the waitlist group showed a decline in minutes of aerobic activity from week 5 (end of intervention) to week 9 (one month follow up), further highlighting the need for a booster session. Ways to further enhance and sustain aerobic activity in the T-CHAT intervention warrant further research.
During the T-CHAT pilot study, valuable recruitment and retention data were obtained, and several lessons were learned for followup studies. Successful recruitment was attributed to special "meet the robot" 22 ( Fig. 3 ) sessions, along with flyers distributed during social events and placed in the mailboxes of each resident. During the screening and informed consent process, the data collector explained all aspects of the study, including the benefits of receiving Lorig's Living a Healthy Life with Chronic Conditions Toolkit, 10 and the opportunity to discuss their health concerns with a nurse practitioner student using the telepresence robot. Retention of participants in the study was high, primarily due to scheduling sessions at times that were most convenient for the older adults. Treatment fidelity (design, training, delivery, receipt, enactment) was a focus for both data collection and T-CHAT sessions, with enhancements planned for the next study. While data collectors and nurse practitioner students were trained using didactic educational sessions with role playing, and monitored during weekly team meetings, better tracking of protocol adherence will be carried out in the future using audio recordings and protocol checklists. [19] [20] [21] To further strengthen the design in the next study, and minimize treatment diffusion, the history and physical visit for the waitlist control group will be delayed until the week before the first T-CHAT session.
Older adults in the waitlist control group in this study had the opportunity to learn from their history and physical visit and use Lorig's Living a Healthy Life with Chronic Conditions Toolkit 10 while they were waiting for their T-CHAT sessions to begin, which could have reduced effect sizes. Furthermore, having the history and physical visit one week prior to the first T-CHAT session in the waitlist control group would provide more current data to plan the upcoming T-CHAT sessions. Lastly, although the waitlist control group did have Lorig's toolkit 10 at baseline, similar to Lorig's mailed toolkit study, 7 it would be interesting to compare T-CHAT sessions as delivered by the telepresence robot with more traditional modes of delivery, such as by telephone or face to face.
Limitations
The sample was too small to draw any firm conclusions regarding group differences. Generalizability is limited by a Caucasian sample that was relatively affluent and was active in a number of community activities. A larger and more diverse sample is needed for future studies. Because the study took place in a single retirement community, treatment diffusion is a potential threat to validity. Older adults in the T-CHAT group may have interacted with those in the waitlist control group. Randomization at the facility level is one way to minimize this threat.
Conclusions
Feasibility testing of the T-CHAT program for older adults was successful in many ways. Medium and large effect sizes and positive data trends were found showing a reduction in unhealthy days, depressive symptoms, and improvements in sleep, quality of life, and confidence/self-efficacy. Further enhancements of the T-CHAT program were suggested to better address common symptoms and to increase aerobic activity among older adults. Recruitment and retention strategies were effective. Treatment fidelity methods were developed, with future enhancements planned for the next study. Based on the success of this small pilot study, further refinement and testing of the T-CHAT program is warranted. The T-CHAT program has the potential to make a valuable impact on the health and well-being of the growing aging population.
